nnovation researchers recognize that the uncertainty with regard to the value-creating potential of product innovations increases with their technological novelty, and have argued that the usefulness and value of novel products are socially constructed. Despite this recognition, researchers have not explored how the outer form in which a technological innovation is embodied influences the processes through which the innovation's value is constructed and perceived. In this paper we argue that by embodying novel technologies in objects with specific functional, symbolic, and aesthetic properties, innovating firms also endow their products with cues that trigger a variety of cognitive and emotional responses. Drawing on psychological research we articulate how such cognitive and emotional responses underlie initial perceptions of value and theorize how innovating firms can influence them through product form design. Our framework explains how product form contributes to perceptions of value by modulating the actual technological novelty of a product innovation and facilitating how customers cope with it. Our theoretical framework makes an important contribution to innovation research and practice because it articulates how product form can be used strategically to achieve specific cognitive and emotional effects and enhance the initial customer perceptions of the value of an innovation.
Strategy scholars view innovation as a primary means for value creation (Moran and Ghoshal 1999) that enables firms to disrupt the competitive status quo in markets and displace entrenched competitors. Through innovation, firms renew the value of their asset endowments and discover novel uses and combinations for their existing resources (Dougherty 1992 , McGrath et al. 1996 . Empirically and conceptually, product innovation has been related to firm market share (Chaney and Devinney 1992) , survival (Tripsas 1997b) , and adaptation to changing market and technological conditions (Eisenhardt and Tabrizi 1995) .
Although strategy researchers laud the importance of innovation for value creation, they also stress the considerable uncertainties associated with innovation. On the demand side, uncertainty arises about what valued functionality a given set of technologies will deliver; on the supply side, uncertainty arises about competencies that would be needed to deliver this functionality Clark 1985, Tripsas and Gavetti 2000) . Indeed, innovation researchers have observed that customers encounter considerable difficulties in recognizing the value of truly novel products, and have stressed repeatedly the need to better understand the sociocognitive processes involved in the adoption of new technologies (Basalla 1988; Clark 1985; Dougherty 1990 Dougherty , 2001 Hargadon and Douglas 2001; Leonard-Barton 1995; Pinch and Bijker 1987; von Hippel 1988) .
In response to this call, innovation researchers have studied the processes through which the value of novel technologies is constructed. In a series of case studies, Dougherty (1992 Dougherty ( , 2001 ) observes that successful product innovation is a creative process involving successive cycles of learning by customers and producers. She notes that in markets for novel products, customers may not be able to articulate their needs, and that these needs may change over time as they learn to use the products. Rosa et al. (1999) similarly document how interactions among producers, customers, and the media lead to the construction of the attributes that come to define the value of a new type of vehicle-the minivan. These authors conclude that new markets emerge when producers and customers develop shared knowledge structures, or schemas. Hargadon and Douglas (2001) analyze how Edison shaped the market for electrical energy by creating similarities between the light bulb and the kerosene lamp in an effort to tap into existing customer schemas and facilitate the comprehension of the new technology. These studies show that (a) new technologies are characterized by considerable interpretative flexibility with regard to how Organization Science 18(2), pp. 217-232, © 2007 INFORMS they can provide value (Pinch and Bijker 1987, p. 40) ; and (b) the interpretative flexibility is reduced as interactions among customers and producers (Dougherty 1990 , Leonard-Barton 1995 , Rosa et al. 1999 , different types of customers (Moore 1991) , and relevant social groups (Pinch and Bijker 1987) lead to the development of common schemas about how to interpret the new technology's value. These studies also suggest that innovating firms stand to gain from finding means to influence the schemas that are developed, thereby shaping the meanings that surround the new technology.
In this paper, we develop a theoretical framework that addresses the question of how innovating firms can influence this process through the design choices they make about the product form, in which they embody their technological innovations. We argue that the outer form in which new technologies are embodied generates concrete objects, or artifacts, with specific functional, symbolic, and aesthetic properties. These properties provide customers with initial cues that trigger a variety of cognitive and emotional responses, responses that underlie initial perceptions of the value of product innovations.
Understanding how firms can influence initial perceptions of value is an important issue for innovation research because such perceptions determine subsequent behaviors toward the innovation-such as purchasing, adopting, and recommending it to others-yet they have received limited research attention (Boyd and Mason 1999) . For example, Rogers's (1995) diffusion model posits that during the first knowledge stage of innovation adoption, individuals gain just awareness of an innovation, while in the later persuasion stage potential adopters form opinions of it. Following this argument, marketing researchers have focused primarily on the persuasion stage, leaving the perception process in the early stage unexplored (Boyd and Mason 1999) . The framework we develop refines the conceptualization of the early stage of the diffusion process by articulating how the cognitive and emotional responses triggered in initial encounters with product innovations influence customers' perceptions of their value. Our theory confirms the common wisdom that first impressions matter. The goal of our paper is to suggest how innovating firms can seize the opportunity to create good first impressions for the product innovations they introduce.
To move research toward a better understanding of how innovating firms can influence initial customer perceptions of value, we integrate ideas from psychological research on judgments of value, innovation research on technological change, and organizational research on artifacts. In the resultant integrative framework, we distinguish between the functional, symbolic, and aesthetic dimensions of product innovations (Bechky 2003 , Hargadon and Douglas 2001 , Rafaeli and Vilnai-Yavetz 2004 and theorize how these dimensions interact to affect perceptions of value. The framework serves to inform organizational and strategy research about the importance of synchronizing technological innovation and product form design in the product innovation strategy of a firm.
Synchronizing technological innovation and product form design is important because the underlying technological change and the outer product form jointly determine the novelty with which a product innovation presents customers. Novelty in turn affects the cognitive and emotional responses that underlie customer assessments of the value of a new product. For example, Sony's first entertainment robot for the home-the pet dog, AIBO-received lukewarm reception in the United States (Moon 2003 (Moon 2003, p. 10) . This example illustrates the possibility for innovating firms to influence the perceived value of their innovations through the outer forms in which they embody a novel technology.
The framework we develop enables systematic analysis of the choices related to product form design. In general, the term design is used to denote different aspects of the structure of an object, as well as the choices about various parameters through which the object is created (Baldwin and Clark 2000) . Product form design refers specifically to the choices along the parameters related to color, material, shape, and proportion, and has also been called industrial design, surface design, and aesthetic design (Bloch 1995 , Christensen 1995 . Product form design, as distinct from the underlying technological design that generates a new product's functional properties (Henderson and Clark 1990) , generates symbolic and aesthetic properties by providing cues that elicit social, cultural, and aesthetic meanings, as well as visceral emotional reactions to the product (Bechky 2003 , Hargadon and Douglas 2001 , Norman 2004 , Rafaeli and Vilnai-Yavetz 2004 . Product form design and the underlying technological change interact in defining how users may conceptualize a product's functions (Christensen 1995, Hargadon and Douglas 2001) , and how they may respond to it emotionally. Product form design is therefore distinct from and not predetermined by technological design. Importantly, it can be chosen strategically to influence customer responses to innovations.
The central implication of our theory for innovation research and practice is that product form design contributes to value creation and should be given strategic importance. Our view departs from conventional design theory that holds that design creates value through functionality, rather than through form (Baldwin and Clark 2000) . In contrast, our framework articulates the role of form in influencing the cognitive and emotional processes involved in the perception of value. Our framework suggests that innovation research can be enhanced by developing a better understanding of how product form renders technologies more meaningful or more enjoyable, by generating symbolic and aesthetic properties that influence perceptions of value.
In the following sections, we first discuss the concept of value and the cognitive and emotional processes that underlie its perception. Next, we discuss how product form design and technological change interact to determine the functional, symbolic, and aesthetic properties of new product artifacts and how these properties influence the initial cognitive and emotional responses of customers. Finally, we discuss implications of our theory for future innovation research and practice.
Product Innovations and Value Value Seeking and Value Creation Through Product Innovations
Value is defined as a measure of a product's worth in a particular social context (Baldwin and Clark 2000, p. 96) . Producers engage in value seeking by creating new products intended to achieve superior returns on their resource investments (Moran and Ghoshal 1999) . Customers engage in value-seeking by trying out new products, in search of new beneficial performances (Carpenter and Nakamoto 1990). However, the extent to which a new product would generate either superior returns for producers, or beneficial performances for customers, cannot be known ex ante. Both customers and producers seek value on the basis of their expectations about an innovation's value-creating potential. We refer to the value expected by producers as intended value, since it reflects their strategies and intentions. We refer to the value expected by customers as perceived value, since it depends on their perceptions of the product prior to actual use. The value-creating potential of innovations is realized when customers adopt them at prices that reward producers for their efforts. Realized value is high when customers perceive the value intended by a product's producer and are willing to pay for it (Priem 2006) . If perceived value and intended value are similar (i.e., the gap between producer-expected value and customerexpected value is low), the gap between intended and realized value is also low, and producers realize their expected returns on innovation. Therefore, it is important for producers to find means to close the gap between intended value and perceived value. Although we stress the economic importance of closing this gap for producers, customers will also lose if this gap remains significant because they may fail to benefit from products that offer potentially useful performance.
Cognitive and Emotional Processes in the Perception of Value
To understand how producers can close the gap between intended and perceived value, it is important to understand the psychological basis of judgments of value. According to psychologists, judgments of value are complex assessments of fit-which is the fit between the configuration of a product's attributes and the configuration of attributes specified by the schemas used for its interpretation (Mandler 1982) . This conceptualization of judgments of value has several important implications for understanding how the value of innovations may be perceived: First, while much research stresses individual differences in perception resulting from differences in the schemas held by individuals (Fiske and Taylor 1991) , Mandler (1982, p. 16 ) stresses the generic nature of schemas as "abstract representations of environmental regularities." The distinction between individual and generic schemas is similar to the distinction that language philosopher Susan Langer draws between concept and conception. In her view, the term concept captures collectively agreed on meanings, while conception captures the individual versions of these meanings (Langer 1979) .
Technology scholars who study the social construction of artifacts similarly observe that generic schemas about technologies exert semiotic power over users, not only influencing their perceptions, but also prescribing the appropriate behaviors toward the technologies (Pinch and Bijker 1987) . For example, Rosa et al. (1999) show how the emergence of a generic schema for the minivan reduced the range of variation in how its value was assessed. Product categories are examples of generic schemas that organize consensually developed and institutionally codified knowledge about the common attributes that characterize a product and identify it as a member of a given category (Rosa et al. 1999) . Although individuals may vary in their use of available generic schemas and in their individual perceptions of a new product's value, their judgments are strongly affected by the expectations about the product set by the generic schemas operating at the collective level.
Second, as assessments of fit, judgments of value are based on comparing the entire configuration of product attributes with the configuration of attributes specified by the schemas. This is a pivotal point, because it suggests an important departure from extant models in strategy and marketing research that base perceptions of value on attribute-by-attribute comparisons of existing and new products (Engel and Blackwell 1982, Griffith 1999) . More importantly, this view emphasizes that a new product's evaluation depends on if and how it makes sense as a whole.
The importance of this conceptualization of value for innovation research becomes evident when one considers the fact that a product innovation, by definition, exhibits some degree of misfit with existing schemas, because it involves change in the underlying technological components or in their architecture (Henderson and Clark 1990) . Such change leads to modification of one or more core or peripheral attributes of a product (Griffith 1999) , or its overall structure. Depending on its degree of underlying technological change and modification of product attributes, an innovation's misfit with existing schemas (or its incongruity) may vary from low (nearly total familiarity) to severe (total disorientation and discord).
Different levels of incongruity trigger different cognitive and emotional responses, and ultimately lead to different perceptions of value. First, incongruity poses a cognitive challenge: the more novel a product is, the less it fits with available schemas. To assess the potential value and usefulness of highly novel products, customers have to find or develop a new schema (Meyers-Levy and Tybout 1989; ). In the absence of such schema change, customers may perceive a product innovation as incomprehensible, strange, or weird, and judge that it is unlikely to be useful. Therefore, for the potential value of an innovation to be perceived, the initial incongruity it causes must be resolved.
Second, the experience of incongruity also generates a series of emotional reactions that arise because incongruity interferes with customers' ability to assess the innovation's potential consequences for their well-being (Frijda 2000 , Mandler 1982 ). Research on emotions shows that emotions vary along two main dimensionsarousal (or intensity) and pleasantness (or valence) (Russell 1979) . The more incongruous a stimulus, the more intense the emotional reactions that it tends to elicit. Therefore, highly novel products are likely to trigger strong emotions. Whether these emotions are positive or negative depends on the attendant secondary assessments of individual ability to cope with and benefit from the novelty (Larsen and Diner 1992) . Smith and Kirby (2001, p. 83 ) explain how such secondary assessments work. "If one is in a stressful situation in which one does not have something one wants, but perceives that with effort one can achieve one's goals (high coping potential), then a state of challenge results that motivates the person to stay engaged and to persevere to achieve his or her goals. Even if problem-focused coping potential is low, hope might result if the person believes that somehow things would work out in the end." Innovation researchers have found that some customers-innovators and early adopters-have high coping potential and derive positive emotions from an innovation's novelty, whereas other customers-late adopters and laggards-experience negative emotions (Moore 1991 , Rogers 1995 . In either case, customers' perceptions of the potential value of the innovation are likely to be colored by either positive or negative emotional reactions to its novelty. Cognition and emotion are therefore intertwined in the process of forming perceptions of the value of a product innovation.
Cognition and emotion are also intertwined in the process of resolving an innovation's incongruity. Because incongruity necessitates a change in the schemas used, and because schema change is effortful and difficult , the process of resolving incongruity is also emotionally charged. Successful incongruity resolution generates additional positive emotions arising from the learning accomplished and the expanded possibilities that learning brings. In contrast, unsuccessful efforts to resolve incongruity lead to negative emotions (Mandler 1982) . The emotional dynamics associated with the process of incongruity resolution-also known as learning-related affect-lead to a recursive cycle, in which positive emotions increase comprehension, which increases positive emotions; and negative emotions increase skepticism, which leads to further frustration and rejection.
The foregoing discussion suggests that it is important for innovation researchers to understand that incongruity and emotions are two important mechanisms that affect perceptions of value, and that their effects are complex and dynamic. Although high-level incongruity per se is likely to have a negative effect on perceived value, the process of its resolution (involving cycles of cognitive and emotional responses) can be gratifying, and can have positive effects on perceived value. This duality has two important implications for the management of product innovations: First, innovation management has to account for the possibility that there may be an optimal level of product novelty, at which the gap between producer-intended and customer-perceived value is low, and innovating firms are more likely to realize their expected returns on innovation. Second, innovating firms can seek to generate an upward spiral inside the recursive cycle between emotion and cognition triggered by novelty to enhance customers' perceptions of the value of their innovations. Below, we articulate how innovating firms can use product form design to achieve optimal level of novelty and trigger a positive recursive cycle between cognitions and emotions. Griffith (1999, p. 476) notes that, while much of innovation research refers to technologies in general, technologies exist in particular "constellations of features." We argue that these features are further organized through product form design into objects with particular appearances (Bloch 1995 , Hollins and Pugh 1990 , Lewalski 1988 . As discussed, product form design determines how colors, materials, shapes, and proportions are blended to create a specific object that customers perceive and experience. A product's outer form can influence customer perceptions in several ways. First, product form can emphasize or hide different facets of the technology that an innovation introduces. For example, TiVo-the customer electronic device that has become known as a digital video recorder-employed many novel technologies and was intended to create a new market (Rae-Dupree and Siklos 1999). However, its form was designed to resemble a videocassette recorder (VCR) as closely as possible with most of its novel functionality hidden from customers (Hargadon and Douglas 2001) . As this example illustrates, product form serves as an outer shell that enables an innovating firm to reveal, explain, or obscure the actual change in the underlying technologies that it has deployed in a given innovation. Second, product form can provide visual cues that may activate different schemas through which the product is interpreted and meanings are attached to it. For example, TiVo was designed to resemble a VCR visually and functionally, even though it is actually a computer. In contrast, the distinct look and feel of the iPod set it apart from other MP3 players, despite its technological similarity to them. Third, product form can trigger sensory experiences, which-although not directly cognitive-influence cognitions and emotions (Rafaeli and Vilnai-Yavetz 2004) . The nature of such sensory experiences depends on aesthetic properties of a product (Schmitt and Simonson 1997) . For example, iPod's unusual touch-pad system that allows control over the device with the touch of a single finger is seen and experienced as cool and exciting (Online Reporter 2006, p. 1).
Designing Product Innovations as Artifacts
Together, these arguments suggest that when designing new products, firms design not only tools and devices with different functionality based on the underlying technological innovation, but also objects that Note. The dotted line denotes that product design choices take place within the firm whereas sociocognitive processes and perceptions of value occur in the market.
deliver sensory experiences and carry cultural references. These arguments resonate with organizational research on human-created objects (artifacts), which has suggested that artifacts are characterized by functional, symbolic, and aesthetic dimensions that jointly determine how individuals respond to them (Pratt and Rafaeli 2006, Rafaeli and Vilnai-Yavetz 2004) . Building on this research in the remainder of the paper, we discuss how design choices along the functional, symbolic, and aesthetic dimensions of product innovations affect perceptions of value. Figure 1 presents our framework. It shows that technological choices along the functional dimension reflect the technological novelty of a new product; however, those choices combine with design choices along the symbolic dimension about the new product's visual similarity with existing products and design choices along the aesthetic dimension about its visual appeal to determine its apparent novelty, the degree of incongruity it causes, and the mechanisms that may help customers resolve that incongruity. The design choices about the product's visual similarity influence the extent to which the product stimulates analogical reasoning, which facilitates the cognitive change necessary for resolving incongruity; and the design choices about the product's visual appeal influence the extent to which the product stimulates positive affect infusion, which also facilitates cognitive change. As the incongruity triggered by the innovation's novelty is (not) resolved, the cognitive and emotional responses to it change, making the perception of its value a dynamic constructive process.
The Functional Dimension of Product Innovations: Technological Novelty and Incongruity
A product innovation is defined as a change in product attributes based on a modification in underlying technologies (Gobeli and Brown 1987) . Depending on their distance from the current technological trajectory of the industry (Abernathy and Clark 1985) , innovations have long been categorized as radical and incremental. Incremental innovations are characterized by small changes relative to the current technological trajectory, whereas radical innovations represent fundamental departures from it (Abernathy and Utterback 1978 , Anderson and Tushman 1990 , Tushman and Anderson 1986 . Although for analytical purposes we focus on these two ends of the technological change continuum, we recognize that many innovations fall between the two extremes (Henderson and Clark 1990) . The degree of technological change affects the extent to which an innovation is likely to be perceived as incongruous. Incremental innovations are likely to be perceived as congruous because they fit relatively easily within existing schemas. This is the case even if they introduce important performance improvements, because schemas can accommodate small changes within an established configuration of attributes (Mandler 1982) . Furthermore, such innovations present customers with situations that can be appraised as certain, safe, and requiring a low degree of effort (Fredrickson 1998) . Incremental innovations, therefore, are likely to trigger low-intensity positive emotions, derived from familiarity and predictability. These emotions lead to what Mandler (1982, p. 20) calls "the most primitive kind of judgments of positive value." In sum, emotions are likely to have a positive but limited effect on the perceived value of incremental innovations.
In contrast, radical innovations are likely to cause severe incongruity because they introduce significant changes in underlying technological components and the links between them (Henderson and Clark 1990 ) that tend to alter the configuration of product attributes. As a result, customers may not be able to apply available schemas to make sense of the novel products. The Segway Personal Transporter provides an example of a radical innovation; it appears to be severely incongruous, as illustrated in the following newspaper quote: "What has two motors, two wheels, and a pair of handlebars-But isn't a vehicle?" (Kirsner 2003, p. C1) . The riddlelike framing highlights Segway's incongruity with existing schemas about vehicles. As discussed, the more incongruous a product, the more difficult for customers to assess its potential impact on their well-being, and the more emotional their response to it. As a result, radical innovations are likely to generate high-intensity emotional responses. These emotions may be negative if an innovation's incongruity results in disorientation and frustration (Mick and Fournier 1998) , or they may be highly positive if the incongruity is resolved successfully and customers recognize the usefulness of the possibilities created by the new technology.
The Symbolic Dimension of Product Innovations: Visual Similarity and Incongruity Resolution
Processes of Incongruity Resolution. The incongruity of a product innovation is resolved when customers can find an appropriate schema to understand the usefulness of the product's novel attributes (Meyers-Levy and Tybout 1989; . For incremental innovations, available schemas are likely to apply directly or require only small extensions, which customers can accomplish relatively easily through schema extension. Schemas are extended by broadening their domain of applicability (Mandler 1982) .
For products introducing radically new technologies, however, available schemas may have limited or no applicability. As a result, customers are likely to have only fragmented understandings; their interpretations are likely to diverge dramatically, and many may have strong negative emotional reactions (Pinch and Bijker 1987) . Innovation research shows that for the high levels of incongruity caused by radical innovations to be resolved, new schemas have to be developed at the collective level. Pinch and Bijker (1987) , for example, analyze how the schema for a safety bicycle emerged over a 19 year period, during which different components and configurations were proposed and hotly debated. Initial perspectives diverged dramatically, reflecting variation in individual attempts to interpret the technology. By the end of the 19 year period, however, interactions among customers, producers, and other relevant social groups had led to the emergence of a generic schema for safety bicycle, which indicated a commonly understood and expected configuration of attributes, including rear-chain drive, diamond frame, and air tires (Pinch and Bijker 1987, p. 39) . As this example illustrates, new schemas develop at the collective level (Dougherty 1990 (Dougherty , 1992 Rosa et al. 1999; Hargadon and Douglas 2001) and reflect the collective consensus about the defining attributes of a product innovation and their relative value and importance (Dougherty 1990 , Rosa et al. 1999 .
With the emergence of a generic schema a new technology achieves closure, in that its essential ingredients are taken for granted (Pinch and Bijker 1987) . The generic schema specifies the expected attributes that constitute a good new thing-a car, a bicycle, or a laptop. On closure, the generic schema becomes a cage, confining the participants in the market to a particular understanding, but also a resource enabling their actions (Pinch and Bijker 1987) . Closure facilitates perception of value and technology adoption. The degree of novelty with which the innovation presents customers is likely to affect the dynamics of closure and the speed of new schema development. In general, technology-savvy and novelty-oriented customers (e.g., lead users and innovators) are likely to experience less initial incongruity for the same level of technological change than would mass market customers (Moore 1991 , Rogers 1995 , von Hippel 1986 . As a result, technology savvy customers are more likely to form positive perceptions of the value potential of the innovation, and to experiment with it. Their use experiences then contribute to the process of incongruity resolution at the collective level by reducing the uncertainty about the needs that the technology addresses (Dougherty 1990) . The more novel a technology, the fewer are the individuals that can cope with the corresponding level of incongruity and engage in such experimentation, and vice versa. The less technologically novel a product innovation appears, the larger the group of people that will have positive initial reactions, and the faster the process of incongruity resolution at the collective level. Since the market for a product innovation based on novel technologies emerges when the majority of customers recognize the value-creating potential of the innovation (Moore 1991) , managing the apparent novelty is an important aspect of the strategy of the innovating firm because apparent novelty influences the rate and scale of incongruity resolution and shapes the early stages of the diffusion process. The design choices along the symbolic dimension are important means for managing a new product's apparent novelty; we discuss them next.
Symbolic Properties of Similarity and Dissimilarity.
The design choices along the symbolic dimension generate those product properties that create associations between an artifact and existing cultural categories (Rafaeli and Vilnai-Yavetz 2004) . Among the potentially infinite number of associations a given object can trigger (Holbrook and Hirschman 1993) , those based on visual similarity to other products are particularly important because they affect how the product is categorized and what schemas are applied (Loewenstein and Gentner 2005; . For example, early car manufacturers introduced car models with a wooden horse head attached to the front in order to symbolically link cars to horse carriages.
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Design choices about visual similarity to existing products may affect customer perceptions of value by affecting both the extent of a product's incongruity and the process of its resolution. First, innovating firms can strive to design moderately incongruous products because such products trigger the most positive cycle of cognition and emotions and are likely to have higher perceived value. Specifically, because incremental technological innovations are likely to be congruous, embodying them in outer product forms that appear dissimilar to existing products may increase their incongruity sufficiently to trigger cognitions and emotions with a positive effect on perceived value. Conversely, because radical technological innovations are likely to be severely incongruous, embodying them in product forms that are similar to existing products may decrease their incongruity sufficiently to also trigger cognitions and emotions with a positive effect on perceived value. Second, the specific similarities evoked may affect how customers categorize and interpret the innovation. We discuss the consequences of these product form design choices next.
Increasing the Similarity of Radical Innovations to
Existing Products. When confronted with a novel object, customers seek to understand it by using available schemas (Clark 1985) . For example, Leonard-Barton (1995) reports that customers draw analogies to existing products to assess the value of new products. According to her, "when Microsoft first brought out new multimedia educational product for children, it found that the children tended to compare them to video games and find them lacking in the constant stimulation and instantaneous feedback characteristics of such games" (Leonard-Barton 1995, p. 210). The process of transferring knowledge from a familiar product category to a new one is known as analogical reasoning (Gentner 1983, Gregan-Paxton and John 1997) . Analogical reasoning is based on a structure-mapping process through which relationships between objects or attributes are mapped from the old, base domain to a new, target domain (Gentner 1983 ) and knowledge from the base domain is used to operate the target domain. Analogical reasoning is particularly useful in situations involving missing data, ill-defined goals, and incomplete specification of parameters (Klein 1987) , as is the case with new product adoption. Analogical reasoning, therefore, can help customers resolve incongruity.
Producers can influence this process by embodying products incorporating a significant degree of technological change in familiar forms to resemble the base categories from which they would like customers to transfer knowledge. Prior research has documented numerous such examples: the light bulb was designed by Edison to resemble the kerosene lamp (Basalla 1988, Hargadon and Douglas 2001) , digital cameras were designed to resemble film cameras , and the TiVo unit was designed to resemble a VCR (Hargadon and Douglas 2001) . Similarly, in the typesetter industry, three radically new technologies that emerged to replace the mechanical typesetter were embodied in similar product forms and presented to the market as improvements of the typesetter (Tripsas 1997a) . In these cases, product form designs incorporated elements that were functional in the old technology but had no functional value in the new one. Instead, they were used symbolically to evoke perceptions of similarity and to enable transfer of knowledge from available schemas. Providing visual cues that link a product symbolically to existing product categories may also enable producers to foster collective agreement and promote the development of new schemas at the collective level by anchoring the perceptions of different social groups around the same product category, thereby constricting the range of problems the innovation is expected to solve, and providing criteria for evaluating the solutions it offers.
While the use of product forms that increase visual similarity with existing products facilitates incongruity resolution, this strategic choice also carries risks for the interpretation of the value of radical innovations. First, the category to which the new product is symbolically linked determines the configuration of attributes to which the new product is compared. The introduction of Apple's Newton exemplifies the importance of this dynamic in shaping perceptions of value. The Newton-a miniature computer with a touch-sensitive screen and a pen-based interface that was introduced in the 1980s-was meant to launch the idea of handheld devices and "replace the tyranny of the cumbersome keyboard" (Thomke and Nimgade 2000, p. 8). As such, it was designed and viewed as a computer, and was ultimately evaluated as an underperforming one. In contrast, the Palm Pilot was launched in the 1990s to "compete with paper rather than with larger computers. Although it could just store addresses, telephone numbers, a calendar, and a to-do list, it did so rapidly and conveniently" (Thomke and Nimgade 2000, p. 8) . Designing the Palm Pilot to fit in a pocket and resemble an agenda book activated a schema that led to a favorable comparison between the new device and the older alternative. Seen as an overperforming agenda book, the Palm Pilot "became the fastest selling computer product" (Thomke and Nimgade 2000, p. 8) . Therefore, by activating a particular schema for the interpretation of the product innovation, product form design choices along the symbolic dimension have far-reaching strategic implications for the success of the innovation.
Second, because of the innovation's symbolic similarity to an existing product, a preexisting schema may come to dominate customer understandings of the innovation, and the new possibilities and solutions generated by the technological novelty may remain unnoticed, uncomprehended, and underappreciated. The example of TiVo discussed earlier illustrates this risk. Although intended to revolutionize the way in which viewers, networks, and advertisers interact (Hardy 1998 ), TiVo's purposeful visual similarity to the VCR led to a general perception of it as an improved VCR (Hargadon and Douglas 2001) . And even though customers who had adopted and used it gave it rave reviews, its buzz factor, i.e., the potential for emotional excitement arising from its novelty, was lost (Zoglio and Wathieu 2001) . This example suggests that, by using product form to create a strong similarity with a single product category, a firm may prompt customers to resolve incongruity through the application and extension of an existing schema. This process may preclude them from exploring and understanding the novel functionality of the product and appreciating its value-creating potential. As a result, although using such symbolic design strategy reduces the uncertainty about customers' acceptance of radical innovations and potentially speeds up their adoption, it may also limit their perceived value. Therefore, product form decisions about how closely a product innovation should resemble an existing product have significant implications for its market performance.
Innovating firms can also use product form design to suggest links to multiple available schemas. Using such an approach enables customers to draw on existing knowledge, while requiring them to recombine it and develop a new schema. Experimental research shows that, when customers are provided with references to only one product category, their categorization of a new product is strongly influenced by that category. However, when customers are provided with limited information from multiple product categories, they recombine the information to develop a new schema ). Furthermore, drawing on multiple and more distant (in terms of similarity) categories leads individuals to recognize deeper relational similarities and to develop more-complex and sophisticated understandings (Loewenstein and Gentner 2005) . Thus, providing links to multiple product categories can stimulate knowledge recombination and creative processing and new schema development. For example, mobile phones were designed to be visually similar to regular phones, but also included digital displays and textmessaging functions, linking mobile phones to pagers and data transmission devices. Thus, although mobile phone manufacturers may not have expected the success of text messaging (Economist.com 2003) , the product form design of mobile phones enabled and potentially prompted this surprising result. In sum, incongruity resolution through new schema development may enable customers to better perceive the value of technological innovations that incorporate high levels of change. At the same time, as discussed, new schema development involves collective interactions and requires longer time periods, as the manufacturers of mobile phones also discovered with regard to functions that extend beyond conventional voice communication (Economist.com 2003) .
Increasing the Dissimilarity of Incremental Innovations from Existing Products.
As closure is reached and the schema for a new product emerges, its essential ingredients become taken for granted. Interestingly, the outer product form in which the technology is embodied also becomes taken for granted, and both the technology and the product form tend to undergo primarily incremental changes. While the value of such incremental changes is readily understood, they are not very exciting to customers. In contrast, moderately incongruous products, while still comprehensible, are also perceived as more interesting.
Innovating firms can make design choices along the symbolic dimension to increase the perceived value of incremental innovations by increasing their dissimilarity to existing products along the symbolic dimension. First, embodying an incremental innovation in a product form that is dissimilar to the established form may generate sufficient incongruity to elicit positive emotions and increase the perceived value of incremental innovations. For example, Apple's iMac, introduced in 1998, featured relatively minor technological improvements (Gore 1998) but was embodied in a product form that was radically different from the desktop computer form that had been taken for granted since the mid1980s. With its fruitlike colors and shapes, the iMac became praised as "the coolest personal computer on the planet" (Needham 2002, p. 10) and as a "technological wonder" (Gore 1998, p. 17) ; only six weeks after its introduction, it became the best-selling computer in Apple's history (Kwak and Yoffie 1999) .
Second, higher levels of incongruity require customers to extend existing schemas. As a result, product form designs that increase the apparent dissimilarity of incremental innovations with existing products may also generate new patterns of demand for well-established configurations of product attributes (Rindova and Fombrun 2001) . This change occurs because when schemas are extended, their domain of applicability broadens (Mandler 1982) , and a broader range of customer experiences becomes feasible and appropriate. For example, the iMac's new product form suggested that it was a computer for play and not just for work. Apple's report that 33% of iMac purchasers were first-time buyers (Kwak and Yoffie 1999) supports the idea that the novel form generated a new demand pattern.
However, as in the case of increasing visual similarity, this strategy is not without risks. Embodying incremental innovations in novel product forms may backfire if the change in product form creates a level of incongruity that can be seen as unwarranted, i.e., if the additional cognitive effort it requires is not compensated for by new experiences enabled by the novel form. The G4-Cube (introduced in 1999) was Apple's attempt at creating a computer that looked "entirely unlike a computer" (Manes 2000, p. 186) . To achieve this effect, all of its ports were hidden from view (Manes 2000) . Although this product form design was praised as "science fiction" (Taylor 2000, p. 68) , the G-4 Cube was ultimately rejected because its novel form created unwarranted hassle for customers (Manes 2000 , Taylor 2000 . In sum, increasing visual dissimilarity along the symbolic dimension can be an effective design strategy when it increases a product's incongruity from very low to moderate, so that the product appears more interesting, while ensuring that the novel form enables novel experiences that justify the efforts required for resolving the incongruity the novel form causes.
The Aesthetic Dimension of Product Innovations: Visual Appeal and Emotional Responses
Designing Along the Aesthetic Dimension. Product form design can be used strategically not only to alter the visual similarity of a new product to existing products, but also to alter its visual appeal, thereby triggering additional cognitive and emotional reactions evoked by its aesthetic properties. The aesthetic properties of a product, derived from its formal attributes (such as color, shape, proportions, materials, and craftsmanship, Bloch 1995) cause both visceral sensory reactions (Norman 2004, Rafaeli and Vilnai-Yavetz 2004) and secondary cognitive and emotional reactions. The visceral sensory responses, also referred to as spontaneous emotions (Rafaeli and Vilnai-Yavetz 2004) , arise from the appeal of structural characteristics such as formal unity and coherence (Schmitt and Simonson 1997) , as well as from subconscious survival-based responses to certain shapes and textures (Norman 2004) . In addition, the aesthetic properties of objects trigger a complex combination of secondary cognitive and emotional responses, which have been characterized as "the aesthetic experience" (Csikszentmihalyi and Robinson 1990, p. 18) . In an exploratory study of this experience, these authors find that, despite the considerable variation in individual descriptions of the content of the experience, a common structure of psychological processes associated with it emerges, including "a sudden expansion, recombination, or ordering of previously accumulated information" accompanied by strong positive emotions such as joy and delight (Csikszentmihalyi and Robinson 1990, p. 18) . Anecdotal evidence suggests that the aesthetic properties of technological products trigger both the visceral and the more reflective responses discussed above. For example, Apple's new iMac, which was introduced in 2002, was reported to have generated sensory responses such as the desire to play with its floating screen by pulling it in and pushing it away, as well as secondary cognitive and emotional responses such as comparing the experience to interacting with a "sunflower" (Quittner 2002, p. 48) .
It is important to note that the visual formal properties of a product can also trigger negative emotional responses at the sensory and reflective levels if the product's form is structurally unappealing or if its symbolic content is undesirable. For example, Rafaeli and VilnaiYavetz (2004) show that the aesthetic properties of an artifact, such as the green color of a bus, can trigger negative emotions because of the socially undesirable symbolic associations it creates in a particular cultural context. In the G-4 Cube example discussed earlier, visual effects were pursued at the expense of ease-ofuse, causing negative customer emotions.
The foregoing discussion suggests that the aesthetic properties of a new product can trigger emotional responses at both the spontaneous visceral and the reflective levels. As such, aesthetic properties can serve as a source of what psychologists call affect infusion-"the process whereby affectively loaded information exerts an influence on, and becomes incorporated into, a person's cognitive and behavioral processes" (Forgas and George 2001, p. 9) . Furthermore, to the degree that design choices along the aesthetic dimension create visually appealing-i.e., beautiful, elegant, engaging, or comforting-artifacts, these design choices can infuse the sensemaking about the new products with positive emotions, which can facilitate the resolution of their incongruity and increase their perceived value directly. We discuss each effect below.
Positive Emotions, Incongruity Resolution, and Perceptions of Value. In her broaden-and-build theory, Fredrickson (1998 Fredrickson ( , 2001 ) identifies several effects of positive emotions on information processing, sensemaking, and action. First, positive emotions broaden the scope of attention and "give rise to an enlarged cognitive contex" (Isen 1987, p. 222) . More specifically, people experiencing positive emotions tend to offer more-unusual associations (Isen et al. 1985) , create and use more-inclusive categories (Isen et al. 1992) , and perform better on creative tasks . These patterns of broader and more creative cognitive processing suggest that customers experiencing positive emotions are more likely to find an applicable schema to interpret a given innovation. More importantly, the extent to which creative information processing is stimulated can affect whether customers draw on one or multiple schemas, and whether they perceive only close or also distant associations as relevant. These cognitive processes affect how incongruity is resolved and whether the novel functionality of a product innovation is understood and appreciated.
Second, positive emotions affect behavioral tendencies toward an object (Petty et al. 2001) , such as playfulness, willingness to approach and explore new objects, and visualization of future achievements (Fredrickson 1998 (Fredrickson , 2001 Watson et al. 1999) . For example, joy triggers the willingness to play, push the limits, and be creative. Even contentment, a lower-intensity positive emotion, creates the desire to enjoy current life circumstances and integrate these circumstances into new views of self and the world (Fredrickson 2001) . Overall, positive emotions have been found to stimulate exploratory behaviors (Watson et al. 1999) , broaden the scope of action and inspire new ways of doing things (Isen et al. 1987, Kahn and Isen 1993) . Therefore, customers experiencing positive emotions may feel more energized to cope with novelty, resolve incongruity, and seek the potential benefits offered by new products.
In addition to stimulating creative information processing and exploratory behaviors, which help resolve incongruity at the individual level, positive emotions may also contribute to new schema development at the collective level. Research on emotions consistently finds that people experiencing positive emotions tend to exhibit more extroverted behaviors, such as taking more-exuberant and more-visible actions, sharing their experiences with others, and engaging in helpful and supportive behaviors that facilitate the actions of others (Fiske and Taylor 1991) . For example, early buyers of Sony's AIBOs self-organized into groups that conducted robot clinics, held AIBO birthday parties, and arranged AIBO soccer matches (Moon 2003) . Such public, collective, and supportive behaviors are likely to contribute to incongruity resolution at the collective level, because they facilitate the development of a new schema by providing specific, vivid, positive examples of how people use the new product and how it creates value.
Finally, positive emotional reactions to a product innovation may directly influence customer perceptions of its value. As research on emotions consistently finds, people experiencing positive emotions "like just about everything better: themselves, their health, their cars, other people, the future, even politics" (Fiske and Taylor 1991, p. 447) . Thus, product innovations that trigger positive emotional responses through their aesthetic properties may predispose customers to evaluate the products more positively overall. For example, The New York Times reviewed the Mini Cooper as follows: "Whatever one may think of the Mini Cooper's dynamic attributes, which range from very good to marginal, it is fair to say that almost no new vehicle in recent memory has provoked more smiles" (Swan 2002, p. 1) . According to the review, the aesthetic properties of the Mini Cooper are a source of positive emotions, which may override moreobjective assessments of its functional attributes and lead to a more favorable perceptions of its value, as indicated by the demand it generated. In sum, to the degree that positive emotions increase flexibility in perceptions and preferences, they are likely to facilitate customer perception of value and incongruity resolution through flexible and associative information processing and sustained exploration and learning. As a source of positive affect infusion, the aesthetic properties of artifacts may provide innovating firms with additional means of predisposing customers to perceive value in their innovations.
Discussion
In this paper, we develop a theoretical framework for understanding how innovating firms can use product form design to influence customer perceptions of the value potential of their product innovations. Our framework integrates ideas from diverse areas of research such as psychology, innovation, and organizational artifacts to develop a comprehensive framework that explains the psychological processes involved in perception of value and the means available to innovating firms to influence them strategically. The integrative framework we develop enhances organizational and strategy research through three main conceptual contributions: First, it accounts for the dynamics of cognition and emotion in the perception of value. Second, it recognizes the strategic importance of product form design. Third, it emphasizes the importance of the symbolic and aesthetic properties of technological artifacts.
Accounting for the Dynamics of Cognition and Emotion in the Perception of Value
Our framework articulates the cognitive and emotional processes involved in the perceptions of value of novel products in order to stress their holistic and dynamic nature and to highlight the possibilities and challenges involved in attempting to influence them proactively. In contrast to most models of customer evaluations of new technologies, which are based on attribute-by-attribute comparisons, our theory suggests that customers' perceptions of value are based on cognitive and emotional responses to the configuration of product characteristics created through design choices along the functional, symbolic, and aesthetic dimensions. Recognizing this holistic, cognitive-emotional nature of perceptions of value may take innovation researchers outside conventional research domains. For example, whereas the spaces in which new products are first encountered and experienced are conventionally viewed as a part of the marketing strategy for distributing products, our theory would suggest that such factors may influence the initial cognitive and emotional reactions of customers to the innovation, and may therefore affect its perceived value. For example, Apple's much-criticized retail stores (Yoffie and Wang 2002) may be examples of such a holistic approach to product innovation. Future innovation research, therefore, may benefit from inquiring into decision variables, which conventionally have been treated as a part of marketing, but which can have significant implications for how new products are perceived and experienced initially. In this regard, we encourage innovation research to take to heart the argument that successful product innovation requires deep integration of technological and market knowledge (Dougherty 1992) and to consider the broad range of strategic variables that may affect the cognitive and emotional responses of customers during their initial encounters with novel products.
In stressing the dynamic nature of perceptions of value, our framework provides a counterpoint to research that has tended to view these perceptions as predetermined by characteristics of customer groups or product functions (see Brown and Eisenhardt 1995 for a review). It suggests how these perceptions can be influenced by subtle design choices that affect the meanings and emotional significance of new product artifacts. By articulating the specific cognitive and emotional mechanisms involved in perception of value and recognizing the dynamic cycles that cognition and emotion form, we provide innovation researchers and managers with a window into the initial customer responses, which are often viewed as exogenous and predetermined by preexisting preferences (Ramirez 1999) . Our approach is consistent with prior work on social construction of value and usefulness for novel technologies (Dougherty 1990 (Dougherty , 1992 Leonard-Barton 1995; Lynn et al. 1996; Tripsas 1997a) , but extends this work by providing a detailed discussion of how psychological processes are affected by design choices. Understanding these processes, especially the importance of emotional responses, enabled us to theorize about the importance of the symbolic dimension of product form to manage the incongruity that new products cause and the importance of product aesthetics for stimulating positive emotions toward the innovation. Future innovation research can benefit from empirical work that examines how design choices systematically affect the micropsychological responses to novel objects and how functional, symbolic, and aesthetic choices combine in influencing perceptions and behaviors toward novel products.
Furthermore, while our goal was to describe the psychological processes involved in perception of value in general, we recognize that customers vary in their preferences for and ability to cope with product novelty. Future research can explore how different customer groups such as experts versus novices or innovators, early adopters, early majority, later majority, and laggards (Rogers 1995) differ in their responses to a product's novelty and how they may influence each other's choices. Furthermore, future research should also strive to understand how different customer groups respond, specifically to the technological versus the product form design choices of firms. For example, it is conceivable that the more technologically sophisticated are the potential customers for a new product innovation, the less they need the emotional and cognitive translation of a pretty box. However, it is also conceivable that technologically sophisticated customers are more demanding in terms of the nature of their interactions with technological products and would value more product forms that provide an overall compelling experience, rather than forms that simply provide the ability to get something done. Given the growing recognition among innovation researchers that high levels of customer engagement with a firm's novel products is an important source of valuable user-based innovation (Schrage 1999 , von Hippel 1988 , it is important for innovation researchers to understand how the objects that innovating firms create through product form design enable them to better engage different customers.
The Strategic Importance of Product Form
A core argument we advance in this paper is that product form design involves a distinct set of design choices that influence the perceived value of product innovations and therefore have to be incorporated in the innovation strategy of the firm. In other words, in contrast to conventional design theory, which argues that design creates value through the functions it enables rather than through the forms it creates (Baldwin and Clark 2000) , we propose that the outer form in which the technology is embodied affects the understandings and meanings that come to surround the technology. As such, the outer form is critical to the perception, recognition, and creation of value through product innovations. This argument calls for substantive rethinking of the strategic importance of product form design in the innovation process.
Our theory suggests some possible directions in this regard. By distinguishing between technological novelty and apparent novelty and articulating specific design strategies and their consequences, we suggest how firms can manage novelty to influence the rate and scale of new product adoption. We also identify some tradeoffs involved in such management attempts and highlight the complexity of these seemingly surface decisions in noting that innovating firms have to find a balance in helping customers cope with an innovation's incongruity and preserving its newness and freshness. We urge future research to examine empirically the scenarios we discuss. For example, researchers can examine how product design strategies that pursue fast closure at the risk of limiting the perceived value may stack up against product design strategies that pursue new schema development, which is slower but allows more of the innovation's value potential to be perceived. Computer simulations may also prove useful for examining how these processes unfold over time, and for comparing the performance implications of trading time and perceived value.
Our ideas also contribute to innovation research that focuses on the importance of producer-customer interactions for the creation of new markets (Dougherty 1990 (Dougherty , 1992 (Dougherty , 2001 Leonard-Barton 1995; Tripsas 1997a) . Our theory emphasizes that these interactions take place around concrete material artifacts, which capture and evoke both intended and unintended meanings, thereby shaping the nature of the interactions that take place. While some work on the use of prototypes in the innovation process has recognized how producer-customer interactions change as a function of the prototyping media used (Schrage 1999) , future research needs to explore more fully how the outer form in which a new technology is embedded shapes the dynamics of producer-customer interactions. For example, future research can explore how product form influences not only initial perceptions, but also subsequent customer behaviors toward a new product, such as the desire to carry it around, show it to others, or simply spend time interacting with it. Since such behaviors contribute to the collective learning through which new markets emerge (Dougherty 1990) , the extent to which a product's form helps stimulate them can have appreciable consequences for an innovation's diffusion and evolution. Furthermore, our theory suggests that embodying established technologies in new forms can also stimulate new patterns of producer-customer interactions, and that product form design can provide a focal point of understanding value creation in such interactions (Priem 2006) .
Another interesting direction for future innovation research seeking to understand the strategic role of product form is to examine its role in the product development process, since product form is a means for both conceptualizing (Christensen 1995) and visceralizing (Dougherty 1992 ) new products. Decisions about product form therefore may provide critical inputs in the "fuzzy front end" of the product development process (Khurana and Rosenthal 1997, p. 103) .
Furthermore, given the observations of innovation researchers that product innovations are often treated as illegitimate in established firms, unless specific steps are taken to link them to established practices and understandings (Dougherty and Heller 1994) , product form may be an important legitimating mechanism that enables innovating teams to link their innovations to existing product lines inside the firm. Just as design choices along the symbolic dimension can be used to provide customers with visual analogies, symbolic references to products already existing within the firm may facilitate organizational members not directly involved with the innovation process to see the innovation as fitting with the organizational activities. Tripsas (1997a) , for example, observes that integrating the radical technological change of the analog-and, later, digital-typesetter was facilitated by preserving links between the typesetters based on the new and old technologies. Future research should seek to understand how product form design choices link product innovations to existing products inside the firm. Furthermore, it will be important to understand to what extent these choices and linkages evolve naturally out of the knowledge and experiences of employees with the old technology, to what extent they are chosen strategically to influence perceptions, and what the performance implications of these different scenarios may be. In particular, it will be interesting to inquire into the potential spillovers of internal translations to the use of product form strategically to manage the perceptions of customers.
Product form design decisions are also likely to have implications for the strategic positioning of the firm and its products, because by creating visual similarities and dissimilarities to existing products product form design positions the innovation within the larger system of product categories. As a result, it implies linkages to other products, which it may substitute or complement. Consequently, product form design may cue different types of competitors-near or distant-to respond to the innovation. Future innovation research should strive to understand how innovating firms can use product form design to manage their competitive positioning and to anticipate competitor responses to their new product introductions.
The Symbolic and Aesthetic Properties of Technological Products
Another major contribution of our paper stems from our arguments that, when designing new products, innovating firms design not only tools that perform different functions, but also meaningful objects with symbolic and aesthetic properties that systematically affect the psychological processes involved in the perception of value. These arguments call for broadening the agenda of innovation research-beyond examinations of the importance of the functional dimension-in order to better understand the relationship between product advantage and marketplace success. We hope that our framework would stimulate innovation researchers to examine more systematically the role of symbolic and aesthetic product attributes in technology markets. We believe that some intriguing possibilities lie in this direction, since a number of technology firms have begun to emphasize product aesthetics as an important means for competing in technology markets. However, little innovation research has addressed the aesthetic and symbolic dimensions of new product artifacts (see Douglas 2001 and Eisenman 2005 for recent exceptions), and many research questions in this area await answers. For example, Eisenman (2005) argues that product aesthetics gain greater competitive importance for mature technologies because they provide firms with an alternative means for product differentiation. In contrast, our theory suggests that product aesthetics are important for novel technologies because they facilitate customers' coping with product novelty. These differences suggest the need for future research examining product aesthetization as a strategy in technology markets, as well as the advantages and disadvantages of such a strategy for firms pursuing different innovation and competitive strategies.
Challenges in Organizing and Managing Product Form Design
The strategic importance of product form and the symbolic and aesthetic properties it creates for the innovation strategy of the firm suggest that future innovation research and practice should also devote greater attention to the issues involved in understanding the capabilities and processes required for effective product form design. The burgeoning work in the area provides some preliminary evidence that the management of product form design may require some unique organizational processes and may pose management challenges that are distinct from those involved in the management of technological innovation and design. In particular, two contrasting perspectives seem to have emerged regarding the need or ability of firms to develop internally requisite product form design capabilities:
One stream of work suggests that the resources, competences, and processes employed in product form design activities are so different from those employed in technological design activities that it may be difficult for most firms to develop and manage both types of capabilities (Christensen 1995) . For example, based on an ethnographic study of IDEO, a firm that specializes in product form design, Hargadon and Sutton (1997) conclude that IDEO derives its effectiveness in product form design from its position as a knowledge broker, working with clients from diverse industries. Their conclusion supports the view that product form design capabilities are based on rare competencies that are best developed by specialist organizations. Furthermore, product form design activities may be viewed internally as illegitimate because they may violate prevailing practices (Dougherty and Heller 1994) . For example, the head of design at BMW relates the difficulties he experienced in convincing financial and operations managers that it is necessary to ship BMW's new car models from Germany to Italy so that their colors can be examined under adequate sunlight (Bangle 2001) . Developing product form design capabilities, therefore, may require significant financial, human, and organizational resources and may be infeasible for many organizations.
Another strand of research argues that product form design can enhance the processes of technological search and innovation, as well as of strategic renewal Zaccai 2004, Ravasi and Lojacono 2005) . For example, Lojacono and Zaccai (2004, p. 75) argue that "among the best practitioners, design is viewed as the art and science of putting all the pieces together-technical, financial, operational, and emotional" and suggest that product form design should be given coequal status with the technical, financial, and operational aspects of the innovation process. Moreover, they assert, product form design can be used to inform other innovation activities and give them direction. These emerging debates suggest that a critical issue for future innovation research and practice is to understand whether technological capabilities and product form design capabilities are complementary or whether they involve strategic trade-offs. As noted earlier, many questions about the strategic use and management of product form design await answers that innovation researchers and managers are likely to develop as they appreciate the strategic importance of product form design.
